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The successful use of plant breeding for improving desirable traits requires the existence of genetic 
variability for these traits. Induced mutations are often used to create new genetic variability within a plant 
species. The objective of this study was to provide new genetic variability that can be exploited for 
improvement of important agronomic traits in sunflower production. The seeds of 8 sunflower inbred lines 
from the gene collection of the Institute of Field and Vegetable Crops, Novi Sad, Serbia were irradiated with 
gamma rays (γ) and fast neutrons (Nf) and treated in an ethyle-methane-sulphonate (ems) solution. The 
manifestation of mutations was mostly expressed in the M2 and M3 generations. Seven mutants were selected:   
1 early flowering (L3ME), 2 short (L2MS and R1MS) and 1 high stature (R3MT), 2 with higher oil content 
(L1MO and R2MO) and 1 with branching (L4MBr). The stable progenies were evaluated in micro-plot tests in 
M6 and M7 generations for seed yield and other agronomic traits in comparison with their respective original 
lines. Further studies should be focused on testing new mutant lines in hybrid combinations, as well as 
determining the inheritance of mutant traits. 
 




unflower (Helianthus annuus L.) is one of 
the most important oil crops in the world. 
The main objective of the sunflower breeding 
programme is to develop high seed- and oil- 
yielding hybrids. In addition, the objectives of 
breeding oilseed-type sunflowers include the 
content and quality of oil in seed, earlier 
maturity, shorter stems, resistance to disease 
and broomrape, adaptability, stability and 
uniformity of plants (Kaya et al., 2012). 
During the creation of an ideal model plant, 
great attention is paid to the architecture of 
plants, plant height, size, shape and position 
of the head on the stem, number of leaves and 
their size, duration and position on the plant 
(Skoric, 1989). The advantage of hybrids over 
varieties lies in the exploitation of the 
heterosis phenomenon and the uniformity of 
crops, higher genetic potential for seed yield, 
ease of introduction of genetic disease 
resistance; allowing easier harvesting and 
providing uniform seed moisture and storage 
suitability (Miklic et al., 2008).  
The improvement of agronomic traits in 
hybrids is mostly based on crossing between 
genetically divergent inbred lines. If new 
combinations have limited improvement, 
breeders have to find a way to increase genetic 
variability within the collection. However, 
genetic variability within the sunflower is 
often limited, as its genetic base of available 
inbred lines is narrow. Genetic variability can 
be broadened by interspecies hybridisation 
with wild species and mutation breeding. 
Mutation breeding has been successfully used 
in sunflower breeding by changing plant 
characteristics and productivity (Cvejic et al., 
2011). The most commonly used mutagens in 
sunflowers are X-, gamma and beta rays, 
thermal and fast neutrons, ultraviolet and 
infrared radiation (Skoric, 2012). Researchers 
have used induced mutations in sunflower 
breeding programmes (Voskoboinik and 
Soldatov, 1974; Schuster and Kubler, 1983; 
Jan and Rutger, 1988; Girigaj et al., 2004; 
Encheva et al., 2008) and created numerous 
mutants with altered agronomic traits (early 
maturity, dwarf growth, thinner husk, oil 
S 
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content and composition etc.), which can be 
used for cultivation purposes. Miller and Fick 
(1997), Schuster (1993) and Cvejic (2009) 
compiled lists of induced mutations for these 
traits. The present study is focused on 
broadening genetic variability within the 
collection of sunflower inbred lines from the 
Institute of Field and Vegetable Crops, Novi 
Sad, Serbia (IFVCNS) using chemical and 
physical mutagens and finding mutants with 
altered characteristics, as well as to investigate 
whether and how the mutant trait influences 
other traits. 
 
MATERIAL AND METHODS 
 
Plant material 
8 different sunflower inbred lines from 
the gene bank of the IFVCNS were used in 
this study (Table 1). Approximately 500 seeds 
of each inbred line were treated with three 
different mutagens. The doses/concentrations 
were chosen based on LD30 values described 
by Gvozdenovic et al. (2009). Treatment with 
gamma rays (γ: 70-160 Gy) was done using a 
Cobalt-60 gamma source. Prior to mutagenic 
treatment, the seeds were kept in a desiccator 
over a 60% glycerol/water mixture for 7 days 
at room temperature for seed moisture 
equilibration. For fast neutron treatment (Nf: 
3-5 Gy), the seed samples were bombarded 
inside a cadmium (Cd) capsule with a wall 
thickness of 2 mm. Chemical treatment was 
carried out by treating the seeds of each line 
with ethyl-methane-sulphonate (ems) solution, 
with a concentration of 0.25%, for 3.5 hours. 
The seeds were previously soaked in distilled 
water for 24 hours. All treatments were 
carried out in Joint IAEA/FAO Laboratories 
in Seibersdorf, Austria. 
 




Type of inbred line Vegetation period Plant height Seed colour 
Seed-coat 
type 
L1 High oleic female Medium late Medium Black Thin 
L2 Standard female Late Tall Black Thick 
L3 Standard female Medium early Medium Black Thick 
L4 Standard female Medium early Medium Black Thick 
R1 High oleic restorer Medium early Short Light brown Medium 
R2 Standard restorer Medium late Tall Black Medium 
R3 Standard restorer Early Very short Black Thin 
R4 Standard restorer Medium early Medium Brown Medium 
 
Selection procedure 
The treated (M1) and untreated (control) 
seeds were planted in the experimental field of 
the IFVCNS. Approximately 10000 M1 plants 
were self-pollinated and M2 seeds were 
harvested. The pedigree method of selection 
was used. Based on observed changes of 
individual plants, seeds were planted in the 
next generation. The M2 generation was 
grown in the field and, after self-pollination, 
the M3 seeds were collected. The selection of 
individual plants in M2 and M3 generations 
was made based on changes in plant height, 
flowering time, branching and oil content. The 
stability of new characteristics was verified in 
the following generations (M4, M5 and M6).  
Agronomic evaluation 
Selected mutants (M6) and original 
lines were planted in comparative trial. In 
order to test their productivity and stability, 
comparative trial was repeated in the next 
(M7) generation. The trials were organized 
in randomised block design with three 
replicates. Plant height and head diameter 
were recorded at plant maturity on 10 plants 
of each entry. Days to flowering were 
calculated as days of plant emergence to 
days of full flowering (UPOV - stage F3.2). 
After harvesting, seed yield was determined 
for each plant separately. Oil content in 
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The results were statistically analysed in 
Statistica 12. Differences between mutants 
and original lines were determined by t-test 
for level of significance 0.05 and 0.01. Broad 
sense heritability (H
2
) and genetic advance 
(GA) were calculated according to Bozokalfa 
et al. (2010). 
 
RESULTS AND DISCUSSION 
 
Mutation breeding has been successfully 
used to alter sunflower characteristics. Both 
chemical and physical mutagens produced 
mutant lines. The most efficient agents were 
treatment with gamma rays in interval from 
100-200 Gy, followed by fast neutrons. 
Similarly, Saadat et al. (1974) and Sarafi 
(1976) reported accomplishments in 
developing sunflower mutants using gamma 
irradiation. Gamma rays and other physical 
mutagens are often used in sunflower 
mutation breeding because of their easy 
application and high mutation rate (Skoric, 
2012). This indicates that gamma irradiation 
could be an efficient tool for 
morphologically generating diverse 
sunflower germplasm. In contrast, Osorio et 
al. (1995), Velasco et al. (2004), Girigaj et 
al. (2004) and Kumar et al. (2013) developed 
mutant populations using chemical 
mutagens, mostly ethyl-methane-sulphonate 
(ems) and N-nitroso-N-methylurea (nmu). 
Induced mutagenesis affected sunflower 
inbred lines by changing their characteristics. 
The selection of desirable mutant plants 
started in the M2 generation, with the 
assumption that the changed characters were 
genetically inherited. In the M3 generation, 
different mutations were observed in the 
field and promising mutants were selected 
for early flowering, short and high stature, 
appearance of branches and oil content. In 
the following generations (M4, M5, M6), 
during self-pollination and selection, a few 
mutants were discarded because the observed 
traits were not completely fixed or not 
genetically inherited. Only seven mutants 
were selected from over 10000 M1 plants 
over 7 years of observation in the field. 
Selected mutants were L3ME (early 
flowering), L2MS and R1MS (shorter), 
R3MT (taller), L1MO and R2MO (high oil 
content) and L4MBr (branching). In M6 
generation mutants were evaluated and 
showed significant differences in one or 
more characteristics in regards to their 
original lines. In the next generation the 
fixation of the mutant traits were improved 
and mutant plants showed stability regarding 
all examined traits (Table 2). 
 
Early flowering mutant 
Mutant line L3ME had a significantly 
earlier flowering time, by five and eight days, 
respectively, in both the M6 and M7 
generations. Early mutation showed high 
heritability rate and did not influence other 
traits, except significantly higher seed and oil 
yield in the M7 generation. This mutant was 
developed by treating the L3 line with fast 
neutrons dose 3 Gy.  
 
Short stature mutants 
Short stature mutant lines were 
developed using gamma rays, dose 120 Gy. 
Mutant line L2MS was approximately 15 cm 
shorter than the original L2 line, which is 
generally a tall line. Compared to the original 
line, mutant L2MS had highly significant 
higher seed and oil yield per plant in both 
generations.  
Another short mutant R1MS was 
developed from high-oleic restorer line R1 
using gamma rays, 100 Gy. Beside shorter 
stature, this mutant showed a wide range of 
variability of other traits. Line R1MS 
differed significantly in days to flowering 
compared to the original line and had a 
smaller head than the original line.  
 
High stature mutant 
Mutant R3MT was produced by gamma 
irradiation; dose 200 Gy from dwarf line R3. 
This mutant was about 30 cm taller than the 
original line. The mutant matured later, had a 
bigger head and higher seed yield. This 
mutant had an advantage in seed and oil yield. 
All examined traits showed high heritability 
and GA values.  
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Mutants with higher oil content 
Chemical and statistical analyses 
confirmed that mutant line L1MO had 
increased and stable oil content compared to 
the original line L1. This mutant was 
developed by fast neutrons (Nf) using dose of 
3 Gy. This mutant line showed stability in 
other examined traits.  
Mutant R2MO was developed by gamma 
irradiation dose of 120 Gy and had 
significantly shorter stature and a smaller 
head, but higher oil yield than the original R2 




Branching mutant was obtained by treating 
seed of single-head female line L4 with gamma 
rays dose of 120 Gy. As a consequence of this 
mutation, earliness and smaller heads were 
recorded. Mutant had high heritability for 
earliness, plant height and head diameter.  
The seed and oil yield per unit area are 
the most important traits in sunflower 
production. Sunflower oil yield is determined 
as the product of seed yield per unit area and 
the oil percentage in the seed (Leon et al., 
1995). In the present study, three mutant lines 
(L2MS, R3MT and L4MBr) exhibited highly 
significant higher seed and oil yield than their 
originals, besides changes in other traits. 
Yield in sunflower depends on many 
characteristics, especially yield components 
which are controlled by many genes, and their 
effects are being modified by the environment 
(Miller and Fick, 1997). Due to maturity 
reduction, there is a possibility of influencing 
yield. However, newly developed early-
flowering mutant L3ME sunflowers had even 
significantly higher seed and oil yield in fixed 
M7 generation. Early maturing genotypes are 
more favourable in sunflower production, due 
to a possible unstable environmental condition 
during the harvesting period. Development of 
early maturing genotypes in any crops 
depends on the reduction of days to 50% 
flowering (Chatterjee et al., 2012). This 
mutation had no influence on other traits, 
especially plant height, known to be in high 
correlation (Skoric, 1989), which indicated 
that mutation separated strong correlation of 
these two traits. Early mutants were reported 
by many authors (Plotnikov, 1971; 
Voskoboinik and Soldatov, 1974; Giriraj et 
al., 2004). Giriraj et al. (2004) isolated 
promising mutant lines by pedigree method 
and utilised them in a heterosis breeding 
programme for developing hybrids with 
different maturity groups. Heritability of the 
sowing to flowering date ranges from 0.62 to 
0.95 (Jan, 1986), which is in agreement with 
our results.  
Plant height is one of the most 
investigated morphological characteristics and 
short stature mutants are the most common 
products of induced mutations (Christov, 
1995; Jambhulkar, 2002). Height reducing is a 
result either of reducing the number of 
internodes or the length of internodes. Results 
of Ramos et al. (2013) indicated that reduced 
height in the lines is controlled by a 
semidominant allele, Rht1, and phenotypic 
effects of this allele included shorter height 
and internode length, insensibility to 
exogenous GA application, normal 
morphogenetic response. Reduced plant 
height may lead to increase of sunflower yield 
due to improved stand-ability (Encheva et al., 
2008), which was achieved in the case of 
L2MS mutant. Other short stature mutant 
R1MS, was early-flowering compared to the 
original line. From an agronomic point of 
view, taller plants are less desirable as a 
negative effect on the logging of the plant. 
Taller mutants are desirable only in case of 
specific agronomic requirements, such as 
biomass or for animal feed. Mutant line 
R3MT, derived from dwarf and very early line 
R3, exhibited better yield performance, 
medium maturity and medium height, which 
is considered favourable in practical use as a 
hybrid component.  
The oil content in the seed and oil yield 
are closely linked to seed yield, which is the 
main purpose of sunflower growing (Skoric, 
1989). Significant increases in oil content 
were observed in two mutant lines L1MO and 
R2MO resulting in higher oil yield per unit 
area. These oil content increases are notable 
results, since no drastic mutation has been 
reported for seed oil content in sunflower 
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Table 2. Comparison between original and mutant lines in M6 and M7 generation for earliness, plant height,  



























































































































































































































































































































































































































































































































































































































































































* and  ** – mutant significantly different from original mean at the 5% and 1% level according to a Student's t-test;  
H2 – broad sense heritability; GA – genetic advance. 
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Branching mutant can be attributed to 
the mutations in genes involved in apical 
dominance (Nabipour et al., 2004) and can 
be used in hybrid production. From data in 
the literature it is known that branchiness in 
sunflower may be of different types, either 
dominant or recessive, the first controlled by 
the Br gene system and the second by the b 
gene (Sharypina et al., 2008). Inheritance of 
branching in mutant line L4MBr remains to 
be tested.  
Broad sense heritability percentage is 
estimated as a ratio between the genotypic 
variance and the total phenotypic variance. 
Estimates of heritability in broad sense were 
the highest for earliness, plant height and    
head diameter, while yield and oil content 
showed moderate values at some mutant lines 
(Table 2). In general, the higher heritability 
estimates for traits in mutant lines indicate that 
environmental factors did not greatly affect 
phenotypic variation of such characteristics. 
Genetic advance refers to the expected gain in 
the mean of a population for a particular 
quantitative character by a generation of 
selection of a specified proportion of the 
highest-ranking plants. Genetic advance as a 
percent of the mean was the highest for head 
diameter (88.95%) at mutant L4MBr, plant 
height (59.72%), oil yield (55.39%) and seed 
yield (53.50%) at R3MT and the remaining 
traits showed moderate to very low values of 
genetic advance (Table 2).  
Induced mutations created very useful 
genetic variability in certain characteristics of 
economic importance in different sunflower 
inbred lines. These induced variations might be 
due to genetic changes, such as chromosomal 
aberrations, or even structural mutations of some 
genes. Sunflower lines showed a lot of 
phenotypic and genotypic variation when subject 
to mutagenesis, which support previous findings 
(Luczkiewicz, 1975). In the breeding 
programme high heritability alone is not enough 
to make sufficient improvements through 
selection and genetic advance should be 
accompanying (Shukla et al., 2006). Stainfield 
(1971) (cit. Bozokalfa et al., 2010) classified 
heritability in three groups: traits having 
heritability values higher than 0.50 describe 
high, between 0.50 to 0.20 are referred to as 
medium and lower than 0.20 is defined as low 
heritability. Regarding heritability accompanied 
by the genetic advance together for traits 
significantly different between mutants and 
originals showed high heritability and high 
genetic advance. Moreover, broad sense 
heritability increased from M6 to M7 generation, 
indicating that improvement or selection could 
be made based on these characters. Heritability 
for yield is relatively low compared to other 
agronomic traits (Fick, 1978), whereas seed oil 
content heritability is rather high and was 
estimated to vary from 0.65 to 0.70 (Fick, 1975). 
Our results showed that traits that occurred 
through mutation had high values of heritability 
and genetic advance. Wani and Anis (2008) 
estimated fairly high heritability for almost all 
polygenic traits among the mutants, in 




The limited genetic variability of 
cultivated sunflower has been partly overcome 
by using induced mutation in the breeding 
programme. Induced mutagenesis lead to 
genetically inherited variability of sunflower 
inbred lines, which is suitable for use in 
breeding programmes. Further studies should 
be focused on testing new mutant lines in 
hybrid combinations, as well as on modes of 
inheritance of mutant traits. Since developed 
mutant lines differ in one or several traits, 
they can be used directly in hybrid production 
instead of their original lines.  
 
Acknowledgements 
This research is part of the project TR-
31025, funded by the Ministry of Education, 
Science and Technological Development of 
the Republic of Serbia. The authors wish to 
thank Ms Afza, Mr Mba and Mr Bado for 





Bozokalfa, K.M., Esiyokhulya, I.D., Kaygisiz, A.T., 
2010. Estimates of genetic variability and 
association studies in quantitative plant traits of 





ET AL.: NEW GENETIC VARIABILITY IN SUNFLOWER  
INBRED LINES CREATED BY MUTAGENESIS 
 
 
Chatterjee, A., Shukla, S., Kushore, M.B., Rastogi, A., 
Prasad Singh, S., 2012. Induction of variation 
through mutagenesis in opium poppy (Papaver 
somniferum L.). Turk J. Agric. For. 36: 1-11. 
DOI:10.3906/tar-1007-977 
Christov, M., 1995. Development of new sunflower 
forms by treating seeds with gamma rays. In: 
Proceedings 1
st
 Balkan symposium on Breeding 
and Cultivation of Wheat, Sunflower and Legume 
Crops, 26-29 June, Albena, Bulgaria: 45-49. 
Cvejic, S., 2009. Induced mutation effect on genetic 
variability of sunflower (Helianthus annuus L.) 
seed oil quality. Ph. D., University Belgrade, 
Serbia. (In Serbian) 
Cvejic, S., Jocic, S., Prodanovic, S., Terzic, S., 
Miladinovic, D., Balalic, I., 2011. Creating new 
genetic variability in sunflower using induced 
mutations. Helia 34 (55): 47-54. DOI: 
10.2298/HEL1155047C 
Encheva, J., Shindrova, P., Penchev, E., 2008. 
Developing mutant sunflower lines (Helianthus 
annuus L.) through induced mutagenesis. Helia, 31 
(48): 61-72. DOI: 10.2298/HEL0848061E 
Fick, G.N., 1975. Heritability of oil content in 
sunflower. Crop Sci., 15: 77-78. DOI: 
10.2135/cropsci1975.0011183X001500010022x 
Fick, G.N. 1978. Sunflower breeding and genetics. In: 
Carter JF, editors. Sunflower science and 
technology. ASA, CSSA and SSSA, Madison, 
Wisconsin: 279-327. 
Girigaj, K., Bentur, M.G., Parameshwarappa, K.G., 
2004. Genetic amelioration for earliness and high 
test weight through induced chemical mutagenesis 
in restorer lines of sunflower. In: Proc. 16
th 
International Sunflower Conference, 29 August-2 
September 2004, Fargo, ND USA, 2: 487-489. 
Gvozdenovic, S., Bado, S., Afza, R., Jocic, S., Mba, C., 
2009. Interval differences in response of sunflower 
(Helianthus annuus L.) to different mutagenic 
treatments. In: Shu QY, editor. Induced Plant 
Mutations in the Genomics Era, Food and 
Agriculture Organization of the United Nations, 
Rome: 358-360. http://www.fao.org/docrep/012/ 
i0956e/i0956e00.htm 
Jambhulkar, S.J., 2002. An extreme dwarf mutant in 
sunflower. Curr. Sci., 83: 116, www.iisc.ernet.in/ 
currsci/jul252002/116.pdf  
Jan, C.C., 1986. The inheritance of early maturity and 
short stature of an H. annuus line. In: Proceedings 
of 9
th
 Sunflower Research Workshop, 155, Fargo 
ND, National Sunflower Assoc, Bismarck, North 
Dakota. 
Jan, C.C., Rutger, J.N., 1988. Mitomycin c- and 
streptomycin-induced male sterility in cultivated 
sunflower. Crop Sci., 28: 792-795. DOI:10.2135/ 
cropsci1988.0011183X002800050014x 
Kaya, Y., Jocic, S., Miladinovic, D., 2012. Sunflower. 
In: Gupta S.K., editor. Technological innovations 
in major oil crops, Volume 1, Breeding, Springer 
Science + Business Media, New York, NY, USA: 
85-129. DOI: 10.1007/978-1-4614-0356-2_4 
Kumar, A.P.K., Boualem, A., Bhattacharya, A., Parikh, 
S., Desai, N., Zambelli, A., Leon, A., Chatterjee, 
M., Bendahmane, A., 2013. SMART – Sunflower 
mutant population and reverse genetic tool for 
crop improvement. BMC Plant Biology, 13: 38-46. 
DOI:10.1186/1471-2229-13-38 
Leon, A.J., Rufener, G.K., Berry, S.T., Mowers, R.P., 
1995. Use of RFLP markers for genetic linkage 
analysis of oil percentage in sunflower seed. Crop 
Sci., 35: 558-564. DOI: 10.2135/ 
cropsci1995.0011183X003500020046x 
Luczkiewicz, T., 1975. Inheritance to some characters 
and properties in sunflower (H. annuus L.). Cenet. 
Pol.: 167-184. 
Miklic, V., Hladni, N., Jocic, S., Marinkovic, R., 
Atlagic, J., Saftic-Pankovic, D., Miladinovic, D., 
Dusanic, N., Gvozdenovic, S., 2008. Sunflower 
breeding at the Institute of Field and Vegetable 
Crops. Ratar Povrt., 45(I): 31-64. 
Miller, J.F., Fick, G.N., 1997. The genetics of 
sunflower. In: Schneiter, AA, editor. Sunflower 
technology and production, Agronomy 
Monograph., 35. ASA-CSSA-SSSA, Madison, 
WI, USA: 395-439. 
Nabipour, A., Yazdi-Samadi, B., Sarrafi, A., 2004. 
Genetic control of some morphological mutant in 
sunflower. J. Genet. & Breed, 58: 157-162.  
Osorio, J., Fernandez-Martinez, J.M., Mancha, M., 
Garces, R., 1995. Mutant sunflower with high 
concentration in saturated fatty acid in the oil. 
Crop Sci., 35: 739-742. DOI:10.2135/ 
cropsci1995.0011183X003500030016x 
Plotnikov, V.A., 1971. Rannespielie hemomutantii 
podsolnechnika. Genetika i selekcija na Ukraine, 
Kiev, Naukove dumka, 46.  
Ramos, M.L., Altieri, E., Bulos, M., Sala, C.A., 2013. 
Phenotypic characterization, genetic mapping 
and candidate gene analysis of a source 
conferring reduced plant height in sunflower. 
Theor. Appl. Genet., 126: 251-263. DOI: 
10.1007/s00122-012-1978-4 
Saadat, N., Amirshahi, M.C., Sarafi, A., 1974. The 
study of variability of some agronomic characters 
in M2 lines of a sunflower variety. In: Proceedings 
of the 6
th
 International Sunflower Conference, 22-
24 July 1974, Bucharest, Romania: 311-316. 
Sarafi, A., 1976. The effect of gamma rays on some 
agronomic characters of M2 populations in inbred 
lines of sunflowers. In Proceedings of the 7
th
 
International Sunflower Conference, 27 June – 3 
July 1976, Krasnodar, USSR: 264-268. 
Schuster, W., 1993. Die Zuchtung der Sonnenblumen 
(Helianthus annuus L.). Advances in sunflower 
breeding. Paul Parey Sci. Publ., Berlin.   
Schuster, W., Kubler, I., 1983. Possibilities of 
increasing the genetic variability due to seed 
quality composition. Helia, 6: 5-12. 
34    Number 32/2015 
ROMANIAN AGRICULTURAL RESEARCH 
 
 
Sharypina, Y.Y., Popov, V.N., Dolgova, T.A., 
Kirichenko, V.V., 2008. A study of the inheritance 
of morphological characters in sunflower. 1. 
Genetic control of coloration of pseudo-ligulate 
flowers, branchiness, and restoration of pollen 
fertility. Cytology and Genetics, 42 (5): 329-334. 
DOI: 10.3103/S009545270805006X 
Shukla, S., Bhargava, A., Chatterjee, A., J. Sirivastava, 
J., Singh, N.S., Singh, S.P., 2006. Mineral profile 
and variability in vegetable amaranth (Amaranthus 
tricolor). Pl. Foods Hum. Nut., 61: 21-26. DOI: 
10.1007/s11130-006-0004-x 
Skoric, D., 1989. Sunflower breeding. Journal of edible 
oil in industry. Uljarstvo, 25 (1): 3-75.  
Skoric, D., 2012. Sunflower breeding. In: Skoric, D. 
(editor), Sunflower genetics and breeding. Serbian 
Academy of Sciences and Arts, Novi Sad, Serbia: 
165-354. 
UPOV, 2000. Guidelines for the conduct of tests for 
distinctness, uniformity and stability. Sunflower 
(Helianthus annuus L.). International Union for the 
Protection of New Varieties of Plants. Geneva, 
Switzerland. 
ww.upov.int/edocs/tgdocs/en/tg081.pdf 
Velasco, L., Perez-Vich, B., Fernandez-Martinez, J.M., 
1999. The role of mutagenesis in the modification 
of the fatty acid profile of oilseed crops. J. Appl. 
Genet., 40(3): 185-209. 
Voskoboinik, L.K., Soldatov, K.I., 1974. The research 
trend in the field of sunflower breeding for 
heterosis at the All-Union Research Institute for 
Oil Crops (VNIIMK). In: Proceedings of the 6
th
 
International Sunflower Conference, 22-24 July 
1974, Bucharest, Romania: 363-369. 
Vranceanu, A.V., Iuoras, M., 1991. Mutagenesis in 
sunflower (Helianthus annuus L.) breeding. Plant 
Mutation Breeding for Crop Improvement, IAEA, 
Vienna, I: 431-437. 
Wani, A.A., Anis, M., 2008. Gamma ray- and EMS-
induced bold-seeded high-yielding mutants        
in chickpea (Cicer arietinum L.). Turk J. Biol., 
32: 161-166. 
 
 
 
 
